TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR DETECTING 
POSITION OF LEAD OF ELECTRIC COMPONENT, AND 
ELECTRIC-COMPONENT MOUNTING METHOD 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[000 1] The present invention relates to a method and an 

apparatus for detecting a position of a lead of an electric 
component, and a method of mounting an electric component, 
and particularly to the art of improving the speed of detection of 
the position. 

Discussion of Related Art 
[0002] There is known an electric component including a 

body and one or more leads extending from the body. For example, 
the lead or each of the leads extends from a surface of the body, 
in a direction perpendicular to the surface, such that a free end of 
the lead or each lead is positioned away from the surface. The 
electric component is, e.g., a connector, a relay, or a capacitor. 
[0003] Japanese Patent No. 2,899,121 discloses an 

apparatus for detecting a position of a lead of an electric 
component. For example, when an electric component is mounted 
on a circuit substrate, a position of a lead of the electric 
component is detected, and a positional error or a bending of the 
lead is recognized based on the detected position, so that the 
electric component may be accurately connected to a prescribed 
connection position on the circmt substrate. 

[0004] The lead-position detecting device disclosed in the 
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above-indicated Japanese patent takes an image of a lead in a 
direction perpendicular to a lengthwise direction of a free end 
portion of the lead, obtains a shape of a transverse cross section 
of the free end portion of the lead, i.e., a cross section thereof 
taken along a plane perpendicular to the lengthwise direction 
thereof, and detects a position of the lead based on image data 
representing the taken image. The lead-position detecting device 
includes an illuminating device and an image-taking device 
which are provided at respective positions away from the free end 
portion of the lead in a direction perpendicular to the lengthwise 
direction thereof. The illuminating device includes a laser diode, 
a lens which diffuses a horizontal light emitted by the laser diode, 
and another lens which converts the diffused Hght into parallel 
rays, so that the parallel rays are incident to the free end portion 
of the lead in a direction perpendicular to the lengthwise 
direction of the lead. The image-taking device is provided by a 
linear-image sensor which includes a number of Ught-sensing 
elements arranged along a straight line which is spaced from the 
lead and is perpendicular to the lengthwise direction thereof. The 
linear-image sensor successively takes respective linear images 
of respective portions of the lead. The image taking device and 
the illuminating device are revolved as a unit by a removing 
device about an axis line parallel to an axis line of the electric 
component, so that the image -taking device takes respective 
images of the lead in three directions contained in a plane 
perpendicular to the lengthwise direction of the lead. Three 
batches of image data representing the three images of the lead 
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taken in the three directions are processed, that is, the three 
images obtained from the one lead are processed altogether, so as 
to determine a transverse-cross-sectional shape of the lead and 
additionally determine, based on the thus determined shape, a 
position of the lead. 

[0005] However, when a position of a lead is obtained in the 

above-described manner, three batches of image data obtained 
from the one lead need to be processed. Thus, the conventional 
lead-position detecting manner is cumbersome and time- 
consuming. 

SUMMARY OF THE INVENTION 

[0006] The present invention was made in view of the 

problem encountered in the prior art described above. It is 
therefore an object of the present invention to make it possible to 
improve the speed of detection of a position of a lead of an electric 
component that extends from a surface of a body of the 
component. 

[0007] This object may be achieved according to any one of 

.the following features of the present invention in the form of a 
lead-position detecting method, an electric-component mounting 
method, and a lead-position detecting apparatus. Each of the 
following features of the invention is numbered like the 
appended claims and depends from the other feature or features, 
where appropriate, to indicate and clarify possible combinations 
of the technical features. It is to be understood that the present 
invention is not Hmited to the technical features or any 
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combinations thereof that will be described for illustrative 
purposes only. It is to be further understood that a pluraUty of 
elements included in any one of the following features of the 
invention are not necessarily provided altogether, and that the 
invention may be embodied without some of the elements 
described with respect to the same feature. 

[0008] (1) A method of detecting a position of at least one 

lead of an electric component which additionally includes a body 
from which said at least one lead extends, the method comprising 
the steps of illuminating a lengthwise limited portion of the lead, 
with a light incident thereto in a direction substantially 
perpendicular to a lengthwise direction of the lead, taking an 
image of the lead, on a side of a free end of the lead, in a direction 
parallel to the lengthwise direction of the lead, and detecting the 
position of the lead by processing image data representing the 
taken image. 

[0009] The present invention is particularly suitable for the 

case where it is needed to detect a position of a lead of an electric 
component having a nature that as viewed from the side of a free 
end of the lead, in a direction parallel to a lengthwise direction of 
the lead, the lead is seen in a background defined by a body of 
the component. In a particular case where the body has a flat 
bottom surface, the lead may be one which extends Unearly from 
the bottom surface in a direction perpendicular to the bottom 
surface, or one which first extends laterally from a side surface of 
the body and then is perpendicularly bent to finally extend in a 
direction perpendicular to, and away from, the bottom surface. 
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[00 10] A lengthwise limited portion of at least an outer 

circumferential surface of the lead is illuminated with light, and 
accordingly at least an annular (e.g., a circular, a rectangular, 
etc.) portion of the lead is lighted. If an image of the lead is taken 
on the side of the free end thereof in the direction parallel to the 
lengthwise direction thereof, the taken image should contain a 
shape of a transverse cross section of the lead that is defined by 
at least an annular contour Hne thereof. Based on image data 
representing the taken image, a position of the lead can be 
determined. Although it is preferred that the hght be incident to 
the lead in a direction perpendicular to the lengthwise direction 
of the lead, the hght may be inchned relative to the direction 
perpendicular to the lengthwise direction of the lead, so long as 
the light is not incident to the body of the component. In either 
case, the light is not incident to the body of the component, and 
the body does not reflect the Ught. Accordingly, the image of the 
lead can be taken on the side of the free end thereof in the 
direction parallel to the lengthwise direction thereo:^ without 
being disturbed by the light reflected from the body. 
[00 11] The present invention is also effective in detecting a 

position of a lead of an electric component having a nature that 
the lead first extends laterally from a side surface thereof and 
then is perpendicularly bent to extend in a direction 
perpendicular to, and away from, the bottom surface of the body. 
In this case, when the lead is viewed on the side of the free end 
thereof in the direction parallel to the lengthwise direction 
thereof the lead is not seen in the background defined by the 
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bottom surface of the body. Accordingly, it is possible to 
illuminate a free-end surface of the lead with a hght incident 
thereto, and take an image of the free-end surface. However, the 
free-end surface may not be flat, or may be a curved surface, such 
as a spherical surface or a cylindrical surface, or a surface having 
an undefined shape. In that case, it is difficult to take a Hght 
image of an entirety of the free-end surface of the lead. Even in 
that case, however, the present method can accurately detect a 
position of the lead by obtaining a transverse -cross- sectional 
shape of a portion of the lead that is somewhat distant from the 
free end thereof toward the base end thereof. Thus, the present 
invention can enjoy its advantage. 

[0012] In each of the above-described cases, it is only 

needed to process one batch of image data, and accordingly the 
processing of the image data can be finished in a short time. 
Thus, the position of the lead can be determined quickly. 
[0013] (2) A method according to the first feature (l), 

wherein the electric component includes a plurality of leads, and 
wherein the step of detecting the position of the lead comprises 
detecting a position of one of the leads relative to a position of the 
other lead. 

[0014] When an electric component is mounted on a circuit 

substrate, a plurality of leads of the component are connected to 
respective connection portions (e.g., respective insertion holes) of 
the substrate. Therefore, even if those leads may have a 
positional error relative to the body of the component, the leads 
may be safely connected to the substrate, so long as the 
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respective positions of the leads relative to each other allow the 
leads to be connected to the connection portions of the substrate. 
Thus, whether the electric component can be mounted on the 
circuit substrate can be judged by detecting the respective 
positions of the leads relative to each other. 

[0015] (3) A method according to the first or second feature 
(1) or (2), wherein the light comprises a planar light which is 
incident to the lead along a plane substantially perpendicular to 
the lengthwise direction of the lead. 

[0016] The lengthwise hmited portion of the lead can be 

easily illuminated by selecting an appropriate thickness of the 
planar light. 

[0017] (4) A method according to any one of the first to third 
features (l) to (3), wherein the limited portion of the lead is 
distant from the free end thereof by a predetermined distance 
toward a base end thereof. 

[0018] According to this feature, the Hght is not incident to 

a free -end surface of the lead, and accordingly the image of the 
lead consists of a thin, light annular line representing a contour 
line of a transverse-cross-sectional shape of the lead. Therefore, 
as the width of the hmited portion of the lead (i.e., the length of 
the hmited portion of the lead as measured in the lengthwise 
direction thereof) is decreased, the thickness of the light line 
representing the transverse-cross-sectional shape of the lead 
decreases, and the accuracy of detection of the position of the 
lengthwise limited portion of the lead increases. In addition, as 
the distance of the Hmited portion of the lead from the fi-ee end 
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thereof is decreased, the degree of approximation of the position 
of the free end of the lead by the position of the lead detected 
based on the taken image increases. For example, in the case 
where the lead of the electric component is inserted in a hole of a 
circuit substrate, starting with the free end of the lead, the 
component can be safely mounted on the substrate, if the position 
of the free end of the lead is detected. 

[0019] The lengthwise Hmited portion of the lead is located 

between, and defined by, two boundaries or positions distant from 
each other in the lengthwise direction of the lead, i.e., a free-end- 
side position and a base-end-side position. The free-end-side 
position is selected depending on the length of the lead (i.e., the 
length of projection of the lead from the bottom surface of the 
body), and preferably is distant from the free end of the lead by a 
distance not greater than one fifth, one tenth, or one fifteenth, of 
the length of the lead. The base-end-side position is preferably 
distant from the free-end-side position by a distance not greater 
than one fifth, one tenth, or one fifteenth, of the length of the 
lead. If the free-end-side position and the base-end-side position 
are too near to each other, that is, if the width of the Umited 
portion illuminated with the light is too small, the amount of 
light to form an image to be taken may be insufficient. In view of 
this, the lower limit of the width of the portion of the lead that is 
illuminated with the light is determined. Preferably, the lower 
limit is not smaller than one twentieth of the length of the lead. 
[0020] (5) A method according to the first to third features 
(1) to (3), wherein the Hmited portion of the lead consists of the 
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free end thereof and a portion thereof adjacent to the free end. 
[0021] According to this feature, the Hght is incident to not 

only an outer circumferential surface of the limited portion of the 
lead but also a free-end surface as a surface of the free end of the 
lead, so that a more amount of Hght is reflected by the lead. In 
addition, since an outer peripheral portion of the image of the 
lead is clearly formed by the light incident to the outer 
circumferential surface of the Hmited portion, a position of a 
portion of the lead that is located in the vicinity of the free end 
thereof can be accurately and easily detected. In the case where a 
light is incident to only the free-end surface of the lead, a clear 
light image of the free-end surface may not be taken because of a 
low degree of flatness of the free- end surface or a rounded outer 
peripheral portion of the same. That is, the taken image may not 
have a complete shape or size. Thus, it is difficult to obtain an 
accurate contour line of the transverse cross sectional shape of 
the lead. In contrast, according to this feature, the light is 
incident to not only the free-end surface of the lead but also the 
outer circumferential surface of the hmited portion of the lead 
that is adjacent to the free-end surface, and accordingly the 
contour line of the image of the free-end surface is defined by the 
light reflected by the outer circumferential surface of the limited 
portion. Thus, the contour Hne of the image of the free-end 
surface is not influenced by a low degree of flatness of the surface 
or a rounded outer peripheral portion of the same. Therefore, the 
present method can accurate detect the position of the free end of 
the lead. 
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[0022] According to this feature, the width of the hmited 

portion of the lead is defined by the free end of the lead and a- 
position distant firom the free end toward the base end of the lead. 
The distance of the position from the free end is preferably not 
greater than one fifth, one tenth, or one fifteenth, of the length of 
the lead. 

[0023] (6) A method according to the first to fifth features (l) 
to (5), wherein the step of illuminating the limited portion of the 
lead comprises illuminating the hmited portion of the lead with 
the light incident thereto in a plurality of directions substantially 
directed to the lead in a plane substantially perpendicular to the 
lengthwise direction of the lead. 

[0024] For example, in the case where a plurality of leads 

extend from the body of the electric component, one lead may 
overlap another lead as viewed in one direction perpendicular to 
the lengthwise direction of the leads. Even in this case, however, 
those leads do not overlap each other as viewed in another 
direction perpendicular to the lengthwise direction. Thus, all the 
leads are so illuminated with the light as to reflect a fight 
forming respective clear images of the leads. 

[0025] (7) A method according to the sixth feature (6), 

wherein the pluraHty of directions comprise at least three 
directions. 

[0026] (8) A method according to the first to seventh features 
(l) to (7), wherein the light comprises a laser fight. 
[0027] Since a degree of diffusion of the laser light is low, 

the laser light is suitable for use to illuminate the lengthwise 
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limited portion of the lead. 

[0028] (9) A method according to the first to eighth features 
(1) to (8), wherein the step of illuminating the limited portion of 
the lead comprises illuminating the limited portion of the lead of 
the electric component held by a component holding head, with 
the light incident thereto, and wherein the step of taking the 
image of the lead comprises taking the image of the lead of the 
electric component held by the component holding head, on the 
side of the free end of the lead, in the direction parallel to the 
lengthwise direction of the lead. 

[0029] The component holding head may be one which 

includes a component holder such as a suction nozzle that holds 
the electric component by applying a negative pressure thereto, 
or one which includes a component gripper that has a plurality of 
gripping members and holds and releases the electric component 
by opening and releasing the gripping members. 
[0030] According to this feature, the detected position of 

the lead may be used to determine a positional error of the lead 
relative to the component holding head. In a special case where 
bending of the lead is negligible, it is possible to determine a 
positional error of the body of the electric component relative to 
the holding head. The electric component may be one which has a 
single lead, or one which has a plurality of leads. In the former 
case, a detected position of the single lead may be used to 
determine a position of the body of the electric component 
relative to the holding head; and in the latter case, respective 
detected positions of the leads may be used to determine a 
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position of the body of the electric component relative to the 
holding head. 

[0031] do) A method according to the ninth feature (9), 
further comprising a step of moving the component holding head 
holding the electric component, in a direction substantially 
perpendicular to the lengthwise direction of the lead, wherein the 
step of taking the image of the lead comprises taking the image 
of the lead of the electric component held by the holding head, 
midway on a locus of movement of the lead. 

[0032] According to this feature, the movement of the 

component holding head may be utilized to position the electric 
component at a pre-set image-taking or lead-position- detecting 
position where an image- taking device and/or a lead illuminating 
device are provided. In this case, it is not needed to employ an 
exclusive moving or positioning device for positioning the holding 
head, and accordingly the positioning of the electric component 
can be effected at low cost. Consequently the position of the lead 
can be detected at low cost. 

[0033] (ll) A method according to the tenth feature (lO), 
wherein the step of illuminating the limited portion of the lead 
comprises illuminating the limited portion of the lead of the 
electric component held by the component holding head, with the 
light incident thereto from a projector provided at a position 
offset from the locus of movement of the lead. 
[0034] According to this feature, the projector does not 

interfere with the lead, and accordingly the lead can be 
illuminated with the hght, without needing to move the projector 
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with a moving device. 

[0035] (12) A method according to the first to eleventh 

features (l) to (ll), wherein the electric component comprises a 
connector which includes at least one lead and which is mounted 
on a circuit substrate such that said at least one lead is inserted 
in at least one hole formed in the circuit substrate. 
[0036] (13) A method of mounting, on a circuit substrate, an 
electric component including a body and at least one lead 
extending from the body, the method comprising the steps of 

holding, with a component holding head, the electric 

component; 

illuminating a lengthwise limited portion of the lead 
of the electric component held by the component holding head, 
with a Ught incident thereto in a direction substantially 
perpendicular to a lengthwise direction of the lead, and taking an 
image of the lead, on a side of a free end of the lead, in a direction 
parallel to the lengthwise direction of the lead, 

detecting the position of the lead by processing 
image data representing the taken image, and 

modifying, based on data representing the detected 
position of the lead, data representing a reference position of one 
of the component holding head and the circuit substrate relative 
to the other of the holding head and the circuit substrate, and 
inserting the lead of the electric component in a hole formed in 
the circuit substrate. 

[0037] The circuit substrate may be a printed- wiring board 

having no electric components mounted on a printed wiring 
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formed on an insulating substrate thereoC a printed-wiring board 
having some electric components mounted on a portion of a 

printed wiring thereof^ a small-size circuit substrate on which a 
small number of electric components are to be mounted,* or a 
substrate having solder bumps to which package-tsrpe electric 
components are to be connected. 

[0038] When the electric component is mounted on the 

circuit substrate, at least one of the component holding head and 
the circuit substrate is positioned relative to the other of the two 
elements, so that the lead of the component can be inserted in 
the hole of the substrate. Even if there may be some positional 
error between the lead and the holding head, the detected 
position of the lead can be used to determine an amount and a 
direction of the positional error, which in turn can be used to 
adjust a relative position of the holding head and the circuit 
substrate, so that the lead can be inserted in the hole of the 
substrate. 

[0039] In the electric-component mounting method 

according to this feature, the position of the lead can be quickly 
detected, and the electric component can be quickly mounted on 
the circuit substrate. 

[0040] The electric-component mounting method according 

to this feature may employ any of the second to twelfth features 
(2) to (12). 

[0041] (14) A apparatus for detecting a position of at least 
one lead of an electric component which additionally includes a 
body from which said at least one lead extends, the apparatus 
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comprising- 

a locally illuminating device which illuminates a 
lengthwise limited portion of the lead with a light incident 
thereto in a direction substantially perpendicular to a lengthwise 
direction of the leadJ 

an image taking device which takes an image of the 
lead, on a side of a free end of the lead, in a direction parallel to 
the lengthwise direction of the lead^ and 

an image processing device which detects the 
position of the lead by processing image data representing the 
image taken by the image taking device. 

[0042] The image taking device may be a surface-image 

taking device which takes, at once, a two-dimensional image of 
an object, or a hne-image sensor which includes a number of hght 
sensing elements arranged along a straight line. Since the line- 
image sensor takes, at once, a linear image of an object, a two- 
dimensional image of the object can be obtained as a series of 
linear images thereof, by repeating image taking operations of 
the line-image sensor while moving one of the sensor and the 
object relative to the other of the two elements. 
[0043] In the case where the surface-image taking device is 

used to take an image of a long array of leads, an image of a lead 
positioned in an end portion of the array may not be taken in a 
direction correctly parallel to the lengthwise direction of the lead. 
Consequently an image of a lead formed in an outer peripheral 
portion of an image -forming surface of the image taking device 
may somewhat differ from that of a lead formed in a central 
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portion of the image-forming surface. In this case, therefore, it 
may be needed to process the taken image of the long array of 
leads, while taking into account the above-explained fact. In 
contrast, in the case where the hne-image sensor is used to take 
an image of a long array of leads, in such a manner that the 
direction of arrangement of the light sensing elements of the line- 
image sensor is perpendicular to the array of leads, it is not 
needed to take into account the above-explained fact, because 
respective images of respective leads located in an end portion 
and a central portion of the long array of leads are taken under 
same conditions. 

[0044] The locally illuminating device may be one which 

produces a laser light, or one which produces a common, visible 
light. The former device may be one which includes a laser diode 
as a light source; and the latter device may be one which includes 
a light emitting diode as a Ught source. 

[0045] The lead-position detecting apparatus according to 

this feature may employ any of the second to twelfth features (2) 
to (12). 

[0046] (15) A apparatus according to the fourteenth feature 
(14), further comprising a support member which supports the 
locally illuminating device and the image taking device. 
[0047] According to this feature, the common, support 

member supports the locally illuminating device and the image 
taking device, and accordingly those two devices can be easily 
positioned relative to each other. 

[0048] (16) A apparatus according to the fifteenth feature 
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(15) , wherein the support member comprises- 

a flat base portion which has, in a central portion 
thereo:^ an opening in which the image-taking device fitsj and 

a holding portion which extends from the flat base 
portion in a direction perpendicular to the flat base portion and 
which supports the locally illuminating device. 
[0049] (17) A apparatus according to the sixteenth feature 

(16) , wherein the locally illuminating device comprises a 
plurality of projectors and wherein the holding portion of the 
support member comprises a plurahty of projector-holding 
portions which extend from an outer peripheral portion of the flat 
base portion in the direction perpendicular to the flat base 
portion and which support the plurality of projectors of the 
locally illuminating device, respectively. 

[0050] (18) A apparatus according to any one of the 

fourteenth to seventeenth features (14) to (17), wherein the 
locally illuminating device comprises at least one projector which 
has an outlet and projects the light through the outlet, and 
wherein the apparatus frirther comprises- 

a support member which supports the projector such 
that the projector is pivotable about an axis line which is spaced 
from the lead and is perpendicular to the lead; and 

an adjusting device which is provided between the 
projector and the support member and which adjusts an angular 
position of the projector relative to the support member and 
thereby adjusts a position where the light projected by the 
projector is incident to the lead. 
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[0051] Since the position where the light is incident to the 

lead is adjusted, the light can be accurately incident to the 
limited portion of the lead. 

[0052] (19) A apparatus according to the eighteenth feature 
(18), wherein the projector has the outlet thereof in a vicinity of 
the axis Une thereof. 

[0053] According to this feature, the position where the 

light is incident to the lead can be adjusted without minimizing a 
change in a distance between the outlet and the lead in the 
direction perpendicular to the lengthwise direction of the lead. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] The above and other objects, features, advantages 

and technical and industrial significance of the present invention 

will be better understood by reading the following detailed 

description of preferred embodiments of the invention, when 

considered in connection with the accompanying drawings, in 

which: 

Fig. 1 is a plan view showing an electronic- 
component mounting system including a lead-position detecting 
device, to which this invention is applied?* 

Fig. 2 is a side elevational view of the electronic- 
component mounting system of Fig. T, 

Fig. 3 is a fi:ont elevational view showing a 
component mounting device in the electronic-component 
mounting system,* 

Fig. 4 is a side elevational view, partly in cross 
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section, of the component mounting device of Fig. 3," 

Fig. 5 is a perspective view showing a connector 

v^rhich is mounted on a printed-wiring board by the component 

mounting devices 

Fig. 6 is a side elevational view of the connector of 

Fig. 5; 

Fig. 7 is a bottom view of the connector,' 

Fig. 8 is a plan view showing a state in which leads 
of the connector are inserted in respective insertion holes of the 
printed-wiring board; 

Fig. 9 is a front elevational view, in partly cross 
section, showing a component holding head, a Z-axis-direction 
drive device, and a rotating device of the component mounting 
unit of Fig. 3,* 

Fig. 10 is a front elevational view, partly in cross 
section, of the component holding head of Fig. 9; 

Fig. 11 is a plan view, partly in cross section, 
showing a locally illuminating device of the lead-position 
detecting device J 

Fig. 12 is a front elevational view of the 
local-illumination device of Fig. 11," 

Fig. 13 is a front elevational view showing a state in 
which the leads of the connector held by the component holding 
head is exposed to Ughts irradiated by the local-illumination 
device; 

Fig. 14 is a block diagram schematically illustrating 
a relevant portion of a control device of the electronic-component 
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mounting system,* 

Fig. 15 is a view showing an image of the leads of 
the connector that is taken by a component camera of the lead- 
position detecting device,' 

Fig. 16 is a view showing an image of another lead 
of the connector that is taken by the component camera,' 

Fig. 17 is a view for explaining a manner in which 
X-and-Y-direction-positional errors of the leads are determined 
based on the image of the leadsJ 

Fig. 18 is a plan view fpr explaining a manner in 
which an angular-positional error of the leads is determined; 

Fig. 19 is a view showing a state in which leads are 
exposed to hghts irradiated by the local-illumination device in 
another lead-positional-error determining manner carried out by 
the lead-position detecting device^ 

Fig. 20 is a view showing an image of the leads that 
is taken in the lead-positional-error determining manner shown 
in Fig. 19,' 

Figs. 21A, 21B, 21C, 21D, and 21E are views for 
explaining how to judge whether the leads can be inserted in the 
insertion holes of the printed-wiring board, based on the 
positions of the leads that are detected by the lead-position 
detecting device J 

Fig. 22 is a plan view showing another lead-position 
detecting device as another embodiment of the present invention; 

Fig. 23 is a front elevational view of the lead- 
position detecting device of Fig. 22; 
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Fig. 24 is a plan view showing a projector in a local- 
illumination device of the lead-position detecting device of Fig. 

22; 

Fig. 25 is a front elevational view showing a state in 
which the projector of Fig. 24 is supported by a support member; 

Fig. 26 is a side elevational view showing the state 
in which the projector of Fig. 24 is supported by the support 
member; 

Fig. 27 is a front elevational view, in cross section, of 
the projector of Fig. 24; 

Fig. 28 is a side elevational view, in cross section, of 
the projector of Fig. 24; and 

Fig. 29 is a plan view showing an intermittent- 
rotation-type electronic-component mounting system including a 
lead-position detecting device, to which the present invention is 
also applied. 

deimlSid DEScmpnoN of the preferrehd embodiments 

[0055] In Fig. 1, reference numeral 10 denotes a machine 

base of an electronic-component mounting system to which the 
present invention is applied. The electronic component mounting 
system includes a printed-wiring board conveyor (PWB conveyor) 
14, a component mounting device 18 and component supply 
devices 20, 22, which are mounted on the machine base 10. The 
PWB conveyor 14 is arranged to transfer a circuit substrate in 
the form of a printed-wiring board 12 in an X-axis direction (in 
the left and right directions as seen in Fig. l). The component 
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mounting device 18 is arranged to mount electric components in 
the form of electronic components on the printed-wiring board 12. 
The component supply devices 20, 22 are arranged to supply the 
component mounting device 18 with the electronic components. 
[0056] In the present embodiment, the printed-wiring 

board 12 is transferred by the PWB conveyor 14 such that the 
printed-wiring board 12 maintains a horizontal attitude or 
posture. The printed-wiring board 12 is stopped by a suitable 
stopper device (not shown), to be located at a predetermined 
component-mounting position. The board 12 located at the 
component-mounting position is supported by a circuit-board 
support device in the form of a printed-wiring board support 
device (not shown). In the present, electronic-component 
mounting system, the printed-wiring board 12 is supported such 
that a component- mounting surface 28 (Fig. 3) of the board 12 on 
which the electronic components are mounted is parallel to the 
horizontal plane. The above-indicated X-axis direction in which 
the board 12 is transferred by the PWB conveyor 14 is parallel to 
an X axis of an XY coordinate system in an XY plane parallel to 
the horizontal component- mounting surface 28. 
[0057] The component supply devices 20, 22 are spaced 

from each other in the Y-axis direction perpendicular to the 
X-axis direction, and are fixedly located on the opposite sides of 
the PWB conveyor 14, as shown in Figs. 1 and 2, In the present 
embodiment, the component supply device 20 is of tape feeder 
type, while the component supply device 22 is of tray type. The 
component supply device 20 of tape feeder type includes a 
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multiplicity of tape feeders 70 which are arranged in the X-axis 
direction. Each tape feeder 70 has a tape cartridge arranged to 
feed a carrier tape which accommodates electronic components. 
The carrier tape includes a carrier substrate which has a 
multiplicity of component-accommodating recesses formed at a 
suitable interval along the length of the carrier tape. The 
electronic components are accommodated in the respective 
component-accommodating recesses. The opening of each 
component-accommodating recess is closed by a covering film 
bonded to the carrier substrate, to prevent the electronic 
components from moving out of the recesses when the carrier 
tape is fed. In operation of each tape feeder 70, the carrier tape 
is fed from the tape cartridge, with a predetermined pitch in the 
Y-axis direction, while the covering film is separated from a 
lengthwise portion of the carrier substrate which has been fed 
from the tape cartridge. Thus, the electronic components are fed 
one after another to a predetermined component-supply position. 
The electronic components accommodated in the tape feeders 70 
include electronic components having leads, and electronic 
components not having leads. 

[0058] The component supply device 22 of tray type 

includes a multiphcity of component trays 76 (Fig. 3) 
accommodating electronic components. The component trays 76 
are accommodated in respective multiple tray boxes 78, which 
are vertically arranged and are supported by respective support 
members. The tray boxes 78 are elevated one after another by 
an elevator device disposed within a column 79 (Fig. l), to a 
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predetermined component-supply position. For a component 
holding head 100 (which will be described) of the component 
mounting device 18 to receive the electronic components from the 
component tray 76 in the tray box 78 located at the component- 
supply position, some vertical space must be provided above the 
component-supply position. To provide this vertical space, the 
tray box 78 from which the electronic components have been 
transferred to the component holding head 100 is moved further 
upwards from the component-supply position to a predetermined 
retracted position when the next tray box 78 is moved to the 
component- supply position, so that the required vertical space is 
provided between the component-supply position and the 
retracted position. The component supply device 22 of tray type 
is identical in construction to a component supply device 
disclosed in Japanese patent document No. 2-57719. 
[0059] Thus, the component mounting device 18 receives 

the electronic components one after another from the component 
tray 76 in the tray box 78 at the component-supply position above 
which the required vertical space is provided. Each component 
tray 76 accommodates the electronic components 82 in 
component accommodating recesses (not shown) which are 
arranged in a matrix. 

[0060] The component tray 76 supplies, e.g., insertion- type 

connectors (hereinafter, referred to as the "connectors") 82, each 
as a sort of electronic component, shown in Figs. 5, 6, and 7. Each 
connector 82 includes a body 84 in the form of a rectangular 
container having an opening 86, and is mounted on the printed- 
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wiring board 12 such that the opening 86 of the connector 82 
faces upward. The connector 82 additionally includes a plurality 
of pins 88 which project from an inner surface of the bottom wall 
of the body 84 such that respective free end portions of the pins 
88 do not project out of the body 84. 

[0061] Moreover, the connector 82 includes a plurality of 

straight leads 92 which project from an outer surface 90 of the 
bottom wall of the body 84 such that the straight leads 92 are 
perpendicular to the outer surface 90 and parallel to each other. 
When the connector 82 is mounted on the printed-wiring board 
12, the outer surface 90 faces the board 12. Each of the straight 
leads 92 has a square transverse cross section, and all the leads 
92 are arranged in a plurality of (e.g., two) parallel rows in a 
lengthwise direction of the body 84. Therefore, if each straight 
lead 92 is seen from the side of a free end thereof in a lengthwise 
direction thereof, the each lead 92 is completely contained in the 
outer surface 90 of the body 84. 

[0062] Each connector 82 is accommodated in one 

component accommodating recess of the component tray 76, such 
that the opening 86 of the body 84 of the connector 82 faces 
upward, the straight leads 92 thereof are vertical, the body 84 is 
positioned relative to the tray 76, and the leads 92 are supported 
on the tray 76. Alternatively, each connector 82 may be 
accommodated in one accommodating recess of the component 
tray 76, such that the body 84 thereof is positioned relative to the 
tray 76 and additionally is supported on the same 76. 
[0063] The printed-wiring board 12 has, as shown in Fig. 8, 
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a plurality of insertion holes 96 which open in the component- 
mountirig surface 28 and in which the pluraHty of straight leads 
92 of the connector 82 are inserted. Each of the insertion holes 96 
has a circular transverse cross section that is somewhat larger 
than that of each lead 92. 

[0064] The component holding head 100 of the component 

mounting device 18 is, shown in Fig. 3, movable in the mutually 
perpendicular X-axis and Y-axis directions, so that the 
component holding head 100 can take a linear movement having 
X-axis and Y-axis components, to move each electronic 
component to a desired position on or above the component- 
mounting surface 28 of the printed-wiring board 12. To move 
the component holding head 100 in the X-axis direction, the 
component mounting device 18 includes two ballscrews 104 
disposed on the machine base 10, on the opposite sides of the 
PWB conveyor 14, so as to extend in the X-axis direction, as 
shown in Fig. 1, and an X-axis shde 106 having two ballnuts 108 
(only one of which is shown in Fig. 4) which engage the respective 
ballscrews 104. The device 18 further includes two X-axis- 
direction drive motors 110 for rotating the ballscrews 104, for 
moving the X-axis slide 106 in the X-axis direction. As shown in 
Fig. 1, the X-axis sUde 106 extends in the Y-axis direction across 
the PWB conveyor 14, and has a length corresponding to the 
distance between the component supply device 20 of feeder type 
and the component supply device 22 of tray type. On the 
machine base 10, there are disposed two guide rails 112 located 
under the respective ballscrews 104. The X-axis shde 106 has 
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two guide blocks 114 which shdeably engage the guide rails 112, 
for guiding the X-axis slide 106 in the X-axis direction. It will be 
understood that the ballscrews 104, ballnuts 108 and X-axis 
drive motors 110 cooperate with each other to constitute an 
X-axis drive device 116. 

[0065] On the X-axis slide 106, there is disposed a 

baUscrew 120 so as to extend in the Y-axis direction, as shown in 
Fig. 4. The X-axis slide 106 carries a Y-axis slide 122 having a 
ballnut 124 which engages the baUscrew 120. The baUscrew 120 
is rotated by a Y-axis -direction drive motor 126 (Fig. l) through 
gears 128, 130, so that the Y-axis slide 122 is moved in the Y-axis 
direction whUe being guided by a pair of guide rails 132. It wiU 
be understood that the baUscrew 120, ballnut 124 and Y-axis 
drive motor 126 constitute a Y-axis drive device 134, and that the 
Y-axis drive device 134 cooperates with the X-axis slide 106, 
X-axis drive device 116 and Y-axis sHde 122, to constitute a head 
moving device 136 for moving the component holding head 100 to 
a desired position in the horizontal XY plane parallel to the 
component-mounting surface 28 of the printed-wiring board 12. 
[0066] The Y-axis slide 122 has an upright side surface 140 

on which there are mounted the above -indicated component 
holding head 100, a Z-axis drive device 144 for moving up and 
down the component holding head 100 in a Z-axis direction, and 
a rotary drive device 146 for rotating the component holding head 
100 about its axis. The component holding head 100, the Z-axis 
drive device 144 and the rotary drive device 146 constitute a 
component mounting unit. The component mounting device 18 
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in the present electronic- component mounting system includes 
the single component mounting unit. However, it is possible to 
employ a plurality of component mounting units that are 
disposed on, e.g., the Y-axis slide 122 such that those units are 
arranged in a row in the Y-axis direction. 

[0067] The component mounting unit in the present 

embodiment is identical with a component mounting unit as 
disclosed in Japanese patent document No. 5-77186. Accordingly, 
the component mounting unit will be described only briefly. The 
Y-axis slide 122 carries a support portion 150 mounted on the 
side surface 140. As shown in Fig. 9, the support portion 150 
supports a nut 152 and a splined member 154 such that the nut 
152 and splined member 154 are coaxial with each other, spaced 
apart from each other in the axial direction, and rotatable about 
their axis of rotation extending in the vertical or Z-axis direction. 
The nut 152 engages an externally threaded portion 158 of a 
hollow rod 156 while the splined member 154 engages a spHned 
portion 160 of the hollow rod 156. The splined portion 160 is 
formed below the externally threaded portion 158. The nut 152 
and splined member 154 are ballnut and ball-splined member 
which hold a multiplicity of balls. 

[0068] The nut 152 is rotated by a rotary drive device 

including a Z-axis-direction drive motor 164 and gears 166, 168, 
so that the hollow rod 156 is axially moved, that is, lifted and 
lowered. Thus, the nut 152, gears 166, 168 and Z-axis drive 
motor 164 constitute the Z-axis drive device 144. The Z-axis 
drive device 144 arranged to move the hollow rod 156 in the axial 
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direction functions to move the component holding head 100 in 
the axial direction, that is, in the Z-axis direction perpendicular 
to the component-mounting surface 28 of the printed -wiring 
board 12, so that the component holding head 100 is moved 
toward and away from the printed-wiring board 12. The amount 
of operation of the Z-axis drive motor 164 is detected by a rotary 
encoder 170. 

[0069] To the lower end portion of the spHned member 154 

which projects from the support portion 150, there is fixed a gear 
172 which meshes with a gear fixed to the output shaft of a 
nozzle rotating motor 174 (Fig. 14). The hollow rod 156 is 
rotated about its axis when the splined member 154 is rotated by 
the nozzle rotating motor 174. Thus, the component holding head 
100 is rotatable about its axis so that the electric component 82 
held by the component holding head 100 can be rotated about an 
axis which extends in the vertical direction perpendicular to the 
top surface 94 of the electronic component 82, through an almost 
central part of the top surface 94. The amount of operation of the 
nozzle rotating motor 174 is detected by a rotary encoder 176 (Fig. 
14). 

[0070] On the lower end portion of the hollow rod 156, 

there is removably mounted a chuck adapter 180 on which a 
chuck 182 is removably mounted, as shown in Fig. 10. The hollow 
rod 156, chuck adapter 180 and chuck 182 constitute a nozzle 
holder 186, as a component-holder holder, for removably holding 
a suction nozzle 184 as a component holder. The nozzle holder 
186 and the suction nozzle 184 constitute the component holding 
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head 100. 

[007l] The suction nozzle 184 has a sleeve 190 and a 

suction pipe 192 which is partially fitted in the sleeve 190. The 
sleeve 190 is fitted at its upper portion in the chuck adapter 180 
such that the sleeve 190 is biased by a compression coil spring 
198 (hereinafter referred to simply as "spring 198") in a direction 
that causes an exposed lower portion of the sleeve 190 to be 
moved away from the lower end of the chuck adapter 180. The 
spring 198 is interposed between the exposed lower portion of the 
sleeve 190 and the lower end of the chuck adapter 180. The 
exposed lower portion of the sleeve 190 has a pair of radially 
extending lugs 200, which are opposite to each other in a 
diametric direction of the sleeve 190 and which has a pair of 
slant surfaces 202 lying in the same plane. The chuck 182 has a 
pair of pins 204 which engage the respective slant surfaces 202, 
so that the suction nozzle 184 is held by the chuck 182 such that 
the suction nozzle 184 is not axially movable and not rotatable 
relative to the chuck 180. The spring 198 serves as a biasing 
device in the form of an elastic member. 

[0072] A lower end portion of the suction pipe 192 that 

projects from the sleeve 190 supports a cover member 208 
attached thereto. The cover member 208 has a square shape 
larger than an electronic component, such as a connector 82, to 
be held by the suction nozzle 184, and is formed of a hard 
synthetic resin. 

[0073] The suction nozzle 184 holds the connector 82 by 

applying suction or negative pressure thereto, and mounts the 
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connector 82 on the printed-wiring board 12 as the circuit 
substrate. To this end, the suction nozzle 184 is connected to a 
negative-pressure source, a positive-pressure source, and an 
atmosphere, all not shown, via a pipe 210, a housing 212, and a 
nipple 214. The pipe 210 is fitted in the hollow rod 156 such that 
the pipe 210 is movable relative to the rod 156 in an axial 
direction of the rod 156. The housing 212 is fixed to an upper end 
portion of the pipe 210 that projects out of the hollow rod 156. 
The nipple 214 is attached to the housing 212. Owing to a 
switching operation of a solenoid-operated direction control valve 
(not shown), the suction pipe 192 is selectively communicated 
with the negative-pressure source, the positive-pressure source, 
or the atmosphere. 

[0074] Various sorts of electronic components, such as a 

flat-package component, in addition to the connector 82 are 
mounted on the printed- wiring board 12. Various sorts of suction 
nozzles corresponding to those sorts of electronic components, 
respectively, are used to mount the components on the board 12. 
To this end, different sorts of suction nozzles (not shown), such as 
a suction nozzle including not the cover member 208 but an 
illuminating body, are prepared, and are stored by a nozzle 
storing device (not shown). Like the suction nozzle 184, each sort 
of suction nozzle is detachably attached to the nozzle holder 186, 
so that the current sort of suction nozzle can be exchanged with 
another sort of suction nozzle corresponding to another sort of 
electronic components to be mounted next. 

[0075] The Y-axis sKde 122 further carries a stationary 
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image-taking device in the form of a fiducial mark camera 230 
operable to take an image of each of fiducial marks provided on 
the printed-wiring board 12, as shown in Fig. 1. In the present 
embodiment, the fiducial mark camera 230 is a CCD camera 
including CCDs (charge-coupled devices) and a lens system and 
capable of taking, at once, a two-dimensional image of an object. 
An illuminating device 232 is provided to illuminate each fiducial 
mark on the board 12, and its vicinity, when the image of the 
fiducial mark is taken by the fiducial mark camera 230. 
[0076] The X-axis slide 106 is provided, as shown in Figs. 1 

and 2, with two stationary image -taking systems 240, 242 which 
are disposed at respective Y-axis positions at which the 
respective two ballscrews 104 are disposed. Namely, one 240 of 
the two image-taking systems 240, 242 is located between the 
component supply device 20 of feeder type and the PWB conveyor 
14 (or the printed-wiring board 12 placed thereon), while the 
other image-taking ssytem 242 is located between the component 
supply device 22 of tray type and the PWB conveyor 14. 
[0077] The first image -taking system 240 has a 

construction identical with that of an image taking device 
disclosed in U.S. Patent Apphcation No. 09/721,953 assigned to 
the assignee of the present apphcation. In short, the image- 
taking system 240 includes a CCD camera (not shown) provided 
on the X-axis slide 106, and a hght guide (not shown) which 
guides an image-forming Hght to form an image of an electronic 
component, to the CCD camera. The image-taking system 240 
takes a projected image or a reflected image of an electronic 
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component. Since this image-taking system 240 is not relevant to 
the present invention, no further description thereof is provided. 
[0078] The second image -taking system 242 is located, on 

the X-axis slide 106, at a position corresponding to the other ball 
screw 104 between the component supply device 22 of tray type 
and the PWB conveyor 14. As shown in Fig. 4, the image -taking 
system 242 includes a component camera 250 as an image-taking 
device, and a locally illuminating device 252. The local- 
illumination device 252 is attached to a support plate 260 as a 
support member that is attached to a bracket 258 projecting from 
a vertical side surface 256 of the X-axis slide 106. The local- 
illumination device 252 includes, as shown in Fig. 11, a plurahty 
of (e.g., four) projectors 266 which are provided below a locus of 
movement of the component holding head 100 on the X-axis shde 
106 in the Y-axis direction. Since respective constructions of the 
projectors 266 are identical with one another, one projector 266 
will be described in detail below. 

[0079] The projector 266 includes a casing 268; a laser 

diode 270 as a light source that is provided in the casing 268," a 
groups of lenses 272 that cooperate with each other to convert a 
laser light emitted from the laser diode 270, into parallel rays," a 
slit member 274 that has a slit which allows passing of a portion 
of the parallel rays and thereby provides a "sHt" Ught having a 
rectangular cross section; a rod lens 276 that diffuses the sUt 
Ught without changing a thickness of the sht hght (as measured 
in a direction parallel to the lengthwise direction of each straight 
lead 92, i.e., an axis line about which the component holding 
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head 100 is rotated); and a total-reflection mirror 280 that 
reflects the light diffused by the rod lens 276 and irradiates the 
reflected light outward through an outlet 278 formed in the 
casing 268. 

[0080] The four projectors 266 are provided, as shown in 

Figs. 11 and 12, on both sides of the locus of movement of the 
suction nozzle 184 in the Y-axis direction, such that two 
projectors 266 of the four are arranged in one row on one side of 
the locus and the other two projectors 266 are arranged in 
another row on the other side. In other words, two projectors 266 
of the four are opposed to each other, and the other two projectors 
266 are also opposed to each other, at respective positions offset 
from the locus of Y-axis-direction movement of the suction nozzle 
184, on both sides of the locus. The hght irradiated by each of the 
four projectors 266 has a rectangular cross section, and is a 
planar light that is parallel to a horizontal plane, as indicated at 
broken hne in Fig. 12, and has a constant thickness (as measured 
in a vertical direction). The four total-reflection mirrors 280 are 
so oriented that the respective lights irradiated by the four 
projectors 266 intersect, as shown in Fig. 11, one another at a 
central portion of a space that is surrounded by the four 
projectors 266 and is positioned below the suction nozzle 184 
moving on the X-axis slide 106. 

[0081] The thickness of the light irradiated by each of the 

four projectors 266 is so selected that the hght exposes only a 
Hmited portion 284 (Fig. 13) of each straight lead 92 as seen in 
the lengthwise direction thereof. In the present embodiment, as 
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shown in Fig. 13, the limited portion 284 is distant by a 
prescribed distance from a free-end surface 282 of the lead 92 in 
a direction toward a base end of the same 92. More specifically 
described, the Umited portion 284 is defined by, and between, a 
free-end-side position that is distant from the free-end surface 
282 by a distance equal to one tenth of a length of the lead 92, 
and a base-end-side position that is distant from the free-end- 
side position in a direction toward the base end of the lead 92 by 
a distance equal to one seventh of the length of the lead 92. 
[0082] The support plate 260 supporting the local- 

illumination device 252 can be moved by an adjusting device (not 
shown) to adjust a position of the plate 260 in a vertical direction 
that is parallel to the axis of rotation of the component holding 
head 100, i.e., parallel to the lengthwise dfrection of each straight 
lead 92 of the connector 82 held by the head 100. Thus, the 
vertical-direction position of the plate 260 is so adjusted that the 
planar hght irradiated by each projector 266 just exposes the 
limited portion 284 having the above -indicated prescribed 
position, in a direction perpendicular to the lengthwise direction 
of the lead 92. Thus, in the present embodiment, each lead 92 is 
exposed to the four hghts that are incident thereto in four 
directions contained in a plane perpendicular to the lengthwise 
direction of the lead 92. 

[0083] As shown in Fig. 4, the component camera 250 is 

located, on the X-axis slide 106, below the local-illumination 
device 252. In the present embodiment. Like the fiducial-mark 
camera 230, the component camera 250 is provided by a CCD 
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camera including CCDs and a lens system and capable of taking, 
at once, a two-dimensional image of an object. The CCDs of the 
CCD camera 250 provide a number of small-size light- detecting 
elements that are arranged to define an image-forming surface 
286 (Fig. 11), and produce respective electric signals representing 
respective amounts of Hght detected thereby. The component 
camera 250 is so located that the image-forming surface 286 is 
positioned right below the locus of Y-axis-direction movement of 
the component holding head 100 on the X-axis shde 106 and 
below an area where the respective lights produced by the four 
projectors 266 intersect one another. An optical axis of the 
component camera 250 is vertical and therefore is parallel to the 
axis of rotation of the component holding head 100, and the 
image-forming surface 286 is horizontal and faces upward. 
[0084] The support plate 260 supporting the local- 

iUumination device 252 has a through-hole 290 that is formed, in 
a vertical direction, through a thickness of a central portion of 
the plate 260 where the respective lights produced by the four 
projectors 266 intersect one another. Thus, the image-forming 
light to form an mage of a lead 92 is incident to the image- 
forming surface 286 of the component camera 250. The bracket 
258 supporting the support plate 260 may be arranged to either 
have a through-hole aligned with the through-hole 290 of the 
plate 260, or support the plate 260 at respective positions offset 
fi:om the through-hole 290, so that the image-forming Hght is 
allowed to be incident to the image -forming surface 286 of the 
component camera 250. 
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[0085] The present electronic-component mounting system 

is provided with a control device 300 illustrated in Fig. 14. The 
control device 300 is principally constituted by a computer 310 
incorporating a processing unit (PU) 302, a read-only memory 
(ROM) 304, a random-access memory (RAM) 306, and a bus 
interconnecting those elements 302, 304, 306. The bus is 
connected to an input/output interface 312 to which various 
detecting devices, such as the encoders 170, 176, 324, are 
connected. 

[0086] To the input/output interface 314, are also connected 

various actuators such as the X-axis-direction drive motors 110, 
the Y-axis-direction drive motor 126, the Z-axis-direction drive 
motor 164, and the nozzle rotating motor 174, each via a drive 
circuit 316. In the present embodiment, those motors 110, 126, 
164, 174 are electric servo motors as drive sources. However, 
those electric motors may be electric rotary motors of other types 
such as stepping motors, as long as the amounts of operation 
thereof can be accurately controlled. Electric linear motors may 
be employed in place of the electric rotary motors. The respective 
rotation angles of the electric motors 110, 126, 164, 174 are 
detected by the respective encoders 170, 176, 324, and those 
electric motors are controlled based on the respective outputs of 
those encoders. 

[0087] The input/output interface 312 is also connected to 

the fiducial-mark camera 230 and the component camera 250, 
each via a control circuit 318. Also not shown in Fig. 14, the 
interface 312 is also connected to the CCD camera of the image- 
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taking system 240. The drive circuits 316, the control circuits 318, 
and the computer 310 cooperate with one another to provide the 
control device 300. The RAM 306 stores various control programs 
and data, such as a program and data for mounting one or more 
electronic components on a printed-wiring board 12, and a 
program and data for detecting a position of a lead of an 
electronic component. 

[0088] Next, there will be described the operation of the 

suction nozzle 184 for mounting a connector 82 on the printed- 
wiring board 12. 

[0089] When the suction nozzle 184 mounts the connector 

82, first, the head moving device 136 moves the component 
holding head 100 to the traytype component supply device 22, so 
that the holding head 100 is stopped at a position right above the 
connector 82 accommodated in one of the component trays 76. 
Then, the Z-axis drive device 144 lowers the holding head 100, 
and a negative pressure is supplied to the suction nozzle 184, so 
that the nozzle 184 holds, by suction, the connector 82. 
[0090] The connector 82 is accommodated in the component 

tray 76 such that the opening 84 thereof that will provide the 
upside thereof when the connector 82 is mounted faces upward. 
When the suction nozzle 184 is lowered, the suction pipe 192 
faces the opening 84, and eventually the cover member 208 
contacts the open end of the body 84 of the connector 82. Since 
the cover member 208 is larger than the opening 86, the opening 
86 is substantially airtightly closed by the cover member 208 
contacting the open end of the body 84, so that the cover member 
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208 and the body 84 cooperate with each other to define a 
vacuum chamber that communicates with the suction pipe 192. 
Since the negative pressure is suppHed to the vacuum chamber, 
the connector 82 is sucked by the suction pipe 192 and 
accordingly is held by the component holding head 100. 
[0091] As the component holding head 100 is elevated, the 

suction nozzle 184 holding, by suction, the connector 82 is 
elevated. Then, the head moving device 136 moves the holding 
head 100 holding the connector 82, to a position above the 
printed-wiring board 12, along a horizontal plane substantially 
perpendicular to the lengthwise direction of the leads 92. The 
component holding head 100 is moved to a prescribed 
component-mount place on the printed-wiring board 12 where 
the connector 82 is to be mounted, along a straight Une 
connecting between the component- supply portion of the 
component tray 76 (i.e., the portion of the tray 76 where the 
component accommodating recess from which the connector 82 
has been taken is located), and the prescribed component-mount 
place on the board 12. Thus, the holding head 100 is moved to the 
image -taking system 242 provided on the X-axis slide 106 at the 
position between the component-supply portion and the 
component-mount place. 

[0092] Irrespective of which positions are occupied by the 

component-supply portion and the component-mount place in the 
tray-type component supply device 22 and the printed-wiring 
board 12, the component holding head 100 must move, for 
moving from the component-supply portion and the component- 



■40- 



mount place, on the X-axis slide 106 in the Y-axis direction via a 
position between the tray-type component supply device 22 and 
the printed-wiring board 12. Therefore, the holding head 100 
must move over the component camera 250 and the local- 
illumination device 252 provided on the X-axis slide 106 at the 
respective positions between the component- supply portion and 
the component-mount place, so that during the movement of the 
holding head 100, an image of the connector 82 is taken by the 
component camera 250. 

[0093] The component holding head 100 is stopped at a 

prescribed image-taking position (i.e., a prescribed component- 
posture detecting position) where the axis of rotation of the 
holding head 100 coincides with the center of the image- forming 
surface 286 of the component camera 250. In the state in which 
the holding head 100 is stopped at the image-taking device, the 
respective lengthwise hmited portions 284 of all the leads 92 of 
the connector 82 are positioned, as shown in Fig. 13, in a space 
where the respective lights irradiated by the four projectors 266 
of the local- illumination device 252 intersect one another. 
[0094] As previously described, the connector 82 is 

accommodated in the accommodating recess of the component 
tray 76 such that the opening 86 of the body 84 thereof faces 
upward and the leads 92 thereof extend vertically, and is held by 
the component holding head 100 such that the leads 92 extend 
vertically downward from the outer or bottom surface 90 of the 
body 84. Therefore, the respective lights irradiated by the four 
projectors 266 are incident to the leads 92 in the four directions 
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contained in the horizontal plane perpendicular to the lengthwise 
direction of each lead 92. 

[0095] As previously described, the thickness and position 

of the light irradiated by each projector 266 are so pre-set as to 
be incident to only the respective limited portions 284 of the 
leads 92, i.e., the respective portions of the leads 92 that are 
distant from the respective free-end surfaces 282 thereof toward 
the respective base ends thereof by respective small distances. 
Since each lead 92 is exposed to the respective lights transmitted 
in the four directions different from one another, an entire 
circumference of the limited portion 284 of each lead 92, i.e., an 
annular portion of each lead 92 is illuminated, i.e., reflects the 
lights. The reflected lights are incident to the image-forming 
surface 286 of the component camera 250, so that respective 
images 330 of respective transverse -cross- sectional shapes of the 
leads 92 are formed on the image-forming surface 286, as 
schematically illustrated in Fig. 15. 

[0096] The component camera 250 is provided below the 

local-illumination device 252 and the locus of movement of the 
component holding head 100, such that the optical axis of the 
camera 250 is vertical and the image-forming surface 286 thereof 
faces upward. Thus, the camera 250 takes the images 330 of the 
leads 92, extending perpendicularly from the bottom surface 90 
of the body 84, on the side of the respective free ends of the leads 
92, in a direction parallel to the lengthwise direction of each lead 
92. The image 330 of each lead 92 has a square, annular shape 
corresponding to the transverse-cross-sectional shape of the lead 
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92. The imag^e 330 is a thin, light, annular line. Since each lead 
92 is illuminated with the lights transmitted along the horizontal 
plane, i.e., in the directions perpendicular to the lengthwise 
direction of the lead 92, the body 84 is not illuminated with the 
Hghts and accordingly only the images 330 of the leads 92 are 
taken. 

[0097] Meanwhile, for example, in the case where one lead 

92 is bent, the component camera 250 may take an image 332 of 
the lead 92, as shown in Fig. 16, depending upon the amount of 
bending of the lead 92 and/or the distance between the lead 92 
and the projectors 266. The taken image 332 is likely to 
correspond to only a portion of the contour line of the transverse- 
cross-sectional shape of the lead 92. However, since a nominal 
transverse-cross-sectional shape and dimensions of each lead 92 
are known beforehand to the control device 300, the control 
device 300 can calculate and estimate, based on those shape and 
dimension data and the image data representing the taken image 
332, an image of the entire contour line of the transverse-cross- 
sectional shape of the lead 92. 

[0098] The control device 300 processes image data 

representing the taken images 330, and determines respective 
positions of a pluraUty of (e.g., ten) leads 92. More specifically 
described, the control device 300 determines, as the respective 
positions of the leads 92, respective positions of respective 
centers of the images 330. The respective limited portions 284 of 
the leads 92 are distant from the respective free ends of the leads 
92 toward the respective base ends thereof, each by the 
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prescribed distance. However, the width of each Hmited portion 
284 is small, and the prescribed distance is short. Thus, the 
position of the limited portion 284 of each lead 92 can be 
accurately detected. In addition, the position of each lead 92 as 
the position of the center of the corresponding image 330 is 
substantially equal to the position of the free end of the lead 92. 
Then, the control device 300 determines errors of the detected, 
i.e., actual positions of each lead 92 from reference or correct 
positions thereof, and judges whether the connector 82 can be 
mounted on the printed-wiring board 12. If a positive judgment is 
made, the control device 300 determines correction amounts to 
correct or modify reference amounts of movement of the 
component mount head 100 needed to mount the connector 82 on 
the board 12, and a correction amount to correct or modify a 
reference angular position of the holding head 100 at which the 
connector 82 is mounted on the board 12. 

[0099] The above -indicated correction amounts can be 

determined in various manners. In the present embodiment, 
those correction amounts are determined in the following 
manner* 

[0100] First, as illustrated in Fig. 17, the control device 300 

determines, by, e.g., least square, respective regression hnes, LRl, 
LR2, for the two rows of leads 92 of the connector 82. Each 
regression Hne is defined such that the sum of respective errors 
of the respective positions of the leads 92 of the corresponding 
row from the line is the least. In Fig. 17, white circles represent 
the respective positions of the leads 92. Second, as illustrated in 
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Fig. 18, the control device 300 determines an average line, LRA, 
of the two regression lines LRl, LR2. The average regression line 
LRA is indicated at one-dot chain hne. Then, the control device 
300 determines a slope, AG, of the average regression hne LRA. 
Thus, the slope AO is obtained based on the respective positions of 
the leads 92. The slope A9 indicates an average angular position 
of the leads 92 of the two rows about a straight line 
perpendicular to the bottom surface 90 of the connector 82. Here, 
it is assumed that prescribed control data command the 
component holding head 100 to hold the connector 82 at an 
angular position where the direction in which the leads 92 are 
arranged is parallel to the Y-axis direction. Therefore, the slope 
AO of the average regression line LRA relative to the Y-axis 
direction indicates an error of the actual angular position of the 
connector 82 from the Y-axis direction as a reference angular 
position. 

[0101] In addition, as illustrated in Fig. 17, the control 

device 300 determines an average position, PA, of the respective 
positions of the ten leads 92, by calculating an average value of 
the respective X coordinates of the leads 92 and an average value 
of the respective Y coordinates of the leads 92. The average 
position PA determined based on the ten leads 92 can be regarded 
as a position of the center of the connector 82. Then, the control 
device 300 determines respective errors, AX, AY, of the average 
position PA from a reference (or correct) position of the center of 
the connector 82. The position of the component holding head 100 
is defined as the position of the axis of rotation thereof. When an 
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image-taking operation is carried out, the holding head 100 is 
stopped at the image-taking position such that the axis of 
rotation of the head 100 coincides with a center, O, of the 
image -forming surface 286 of the component camera 250. 
Accordingly, in the present embodiment, the reference or correct 
position of the center of the connector 82 is the center O of the 
image-forming surface 286. 

[0102] Moreover, the control device 300 determines 

respective positions that will be taken by the ten leads 92 of the 
connector 82 if the component holding head 100 is moved so that 
the center of the connector 82, determined based on the 
respective positions of the ten leads 92, coincides with the 
reference center thereof and if the holding head 100 is rotated to 
eliminate the error of the angular position of the connector 82. In 
addition, the control device 300 determines respective differences 
of the thus determined positions of the leads 92 jfrom respective 
reference (or correct) positions thereof that are prescribed 
relative to the reference center of the connector 82. More 
specifically described, the control device 300 determines, for each 
of the leads 92, an X-axis-direction difference and a Y-axis- 
direction difference of the determined position of the each lead 92 
from the reference position thereof. Then, the control device 300 
compares an absolute value of each of the X-axis-direction 
difference and the Y-axis -direction difference determined for each 
of the leads 92, with a reference value, and judges that all the 
leads 92 can be inserted in the insertion holes 96, if the absolute 
value of each of the X-axis -direction and the Y-axis-direction 
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differences determined for each of the leads 92, is smaller than 
the reference value. 

[0103] Thus, when the component holding head 100 is 

moved to the position right above the prescribed component- 
mount place on the printed-wiring board 12, the reference 
amounts of movement of the holding head 100 are corrected or 
modified by the errors AX, AY, and the angular position of the 
holding head 100 is corrected or modified by the error AG. The 
holding head 100 is rotated by the rotating device 146 by the 
error AG. After the holding head 100 is moved to the position 
right above the prescribed component-mount place, the holding 
head 100 is lowered, so that the suction nozzle 184 is lowered and 
all the leads 92 of the connector 82 are inserted in the insertion 
holes 96 of the printed-wiring board 12. Thus, the connector 82 is 
mounted on the board 12. The positional errors of the leads 92 
result , fi-om various reasons, such as the positional error of the 
connector 82 relative to the holding head 100, the positional 
errors of the leads 92 relative to the body 84, and/or respective 
bendings of the leads 92. However, since the reference amounts of 
movement of the holding head 100 and the angular position of 
the holding head 100 are modified, i.e., since the positions of the 
holding head 100 relative to the board 12 are modified, the 
connector 82 can be safely mounted on the board 12. The leads 92 
inserted in the holes 96 of the board 12 are soldered to the board 
12 in a subsequent step. 

[0104] The foregoing description has been made, for easier 

understanding purposes only, on an assumption that the printed- 



■47- 



wiring board 12 is supported by the board supporting device 
without any positional errors. In fact, however, when the 
connector 82 is mounted on the board 12, respective X-axis- 
direction and Y-axis -direction errors of the insertion holes 96 
resulting from the positional errors of the board 12 relative to the 
board supporting device, are determined, and those positional 
errors are also eUminated by modifying the reference amounts of 
movement of the holding head 100 and rotating the holding head 
100. Thus, the leads 92 can be safely inserted in the holes 96. The 
positional errors of the insertion holes 96 may be determined as 
follows; First, the fiducial-mark camera 230 is operated to take 
respective images of the fiducial marks affixed to the 
printed-wiring board 12, subsequently positional errors of the 
board 12 are determined based on the thus taken images, and 
then the positional errors of the holes 96 are determined based 
on the thus determined positional errors of the board 12. Since 
usually the respective positions of the holes 96 relative to one 
another are highly accurate, it can be assumed that there is no 
positional errors of the holes 96 relative to one another. Thus, the 
respective positional errors of the holes 96 can be determined 
based on the positional errors of the board 12. More specifically 
described, respective X-axis-direction and Y-axis- direction errors 
of a center of a certain group of insertion holes 96 (e.g., ten holes 
96), and a slope or angle of the row or rows of holes 96 relative to 
the Y-axis direction are calculated, and those positional errors of 
the holes 96 are also eliminated by modifying the reference 
amounts of movement of the component holding head 100 and 
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rotating the holding head 100. 

[0105] On the other hand, if at least one of the respective 

absolute values of respective differences between the actual X- 
axis- direction and Y-axis-direction positions of the leads 92 and 
the reference or correct positions of the same 92 is greater than 
the reference value, the control device 300 judges that the 
connector 82 cannot be mounted on the board 12 and operates 
the holding head 100 to discard the connector 82 into a 
discarding device, not shown. 

[0106] The local-illumination device 252 may be so 

adjusted as to illuminate the free end of each of the leads 92 and 
a portion of the each lead 92 that is adjacent to the free end, as 
illustrated in Fig. 19. More specifically described, the position of 
the illumination device 252 in the vertical direction parallel to 
the axis of rotation of the component holding head 100 and the 
lengthwise direction of each lead 92, may be so adjusted that the 
lights reflected by the respective total-reflection mirrors 280 of 
the projectors 266 are incident to a hmited portion 340 of the 
each lead 92 that is located between, and defined by, a free-end 
surface 282 of the each lead 92 and a position distant from the 
surface 282 by a prescribed distance (in the present embodiment, 
one tenth of the length of the each lead 92). 

[0107] In the above-indicated modified mode, after the 

component holding head 100 holds, by suction, the connector 82, 
the holding head 100 is moved toward the printed-wiring board 
12 and, during the movement of the holding head 100, the 
holding head 100 is stopped at the position right above the 
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image-taking system 242. In this state, the respective limited 
portions 340 of the leads 92 that include the respective free-end 
surfaces 282 are positioned in the respective lights irradiated by 
the four projectors 266, so that the respective outer 
circumferential surfaces and respective free-end surfaces 282 of 
the leads 92 are illuminated. Consequently the outer 
circumferential surface and free-end surface 282 of each of the 
leads 92 reflect the lights and form, on the image-forming surface 
286 of the component camera 250, an image 350 of a square 
transverse-cross-sectional shape of the each lead 92, as shown in 
Fig. 20. Since not only the outer circumferential siuface of each 
lead 92 but also the free -end surface 282 of the each lead 92 are 
illuminated, a greater amount of light is reflected by the each 
lead 92. In addition, since the contour line of the image 350 is 
formed by the light incident to the outer circumferential surface 
of the each lead 92, the contour line of the image 350 represents 
an accurate contour line of the transverse -cross- sectional shape 
of the each lead 92. Based on the thus obtained images 350 of the 
leads 92, the control device 300 determines respective positions of 
the leads 92 in the same manner as the above-described manner 
in which the respective positions of the leads 92 are determined 
based on the respective images 330 thereof obtained by 
Illuminating the respective Hmited portions 284 thereof distant 
from the respective free ends thereof. 

[0108] As is apparent from the foregoing description of the 

illustrated embodiment, a portion of the control device 300 that 
processes the image data representing the image of the connector 



- 50 - 



82 taken by the component camera 250 and thereby determines 
the respective positions of the leads 92, provides an image 
processing device. 

[0109] In the illustrated embodiment, the control device 

300 determines respective errors of the respective actual 
positions of the plurality of leads 92 from the respective reference 
or correct positions thereof, and judges that the connector 82 
cannot be mounted on the printed'wiring board 12 if at least one 
of the respective absolute values of those errors is greater than 
the reference value. However, the control device 300 may be so 
modified as to additionally judge whether the respective errors of 
the respective actual positions of the leads 92 can be so 
compensated for by the respective areas of the insertion holes 96 
that all the leads 92 can be safely inserted in the holes 96. If a 
positive judgment is made, the control device 300 determines 
correction amounts needed to correct or modify the reference 
amounts of movement of the component holding head 100, and a 
correction amount needed to correct or modify the angular 
position of the holding head 100. Since the transverse-cross- 
sectional area of each hole 96 is larger than that of each lead 92, 
respective differences between the respective areas of the holes 
96 and the respective areas of the leads 92 may compensate for 
the respective errors the respective actual positions of the leads 
92, thereby allowing the leads 92 to be inserted in the holes 96. 
[Olio] The control device 300 judges whether the leads 92 

of the connector 82 can be inserted in the insertion holes 96 of 
the printed-wiring boardl2, based on the respective amounts. 
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and directions, of the respective errors of the actual positions of 
the leads 92. For example, in the case where two leads 92 that 
should have a same position in the Y-axis direction have 
respective actual positions shown in Fig. 21A, i.e., the two leads 
92 are excessively near to each other in the X-axis direction, even 
if one of the two leads 92 may be inserted in a corresponding hole 
96, the other lead 92 cannot be inserted in a corresponding hole 
96. Thus, in this case, it is impossible to modify the reference 
amounts of movement of the holding head 100, or change the 
angular position of the head 100, so as to assure that all the 
leads 92 are inserted in the holes 96, respectively. In addition, in 
the case where two leads 92 that should have a same position in 
the Y-axis direction have respective actual positions shown in Fig. 
2 IB, i.e., the two leads 92 are excessively distant from each other 
in the X-axis direction, it is impossible to assure that all the 
leads 92 are inserted in the holes 96. In the case where two leads 
92 that should have a same position in the X-axis direction have 
respective actual positions shown in Fig. 21C or 2 ID, i.e., the two 
leads 92 are excessively near to, or distant from, each other in 
the Y-axis direction, it is also impossible to assure that aU the 
leads 92 are inserted in the holes 96. In contrast, in the case 
where two or more leads have respective angular-positional 
errors but those angular-positional errors have a same direction 
about an axis line of the connector 82, as shown in Fig. 12E, it is 
possible to rotate the connector 82 about the axis line thereof and 
thereby assure that all the leads 92 are inserted in the holes 96. 
In the last case, the control device 300 calculates a correction 
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angle by which the connector 82 is rotated to assure the insertion 
of the leads 92. In this case, too, the control device 300 detects 
respective positional errors of the holes 96 resulting from the 
positional errors of the printed-wiring board 12, and those 
positional errors of the holes 96 are compensated for by 
modifying the reference amounts of movement of the holding 
head 100 and/or changing the angular position of the head 100, 
when the connector 82 is mounted on the board 12. In Fig. 21A to 
21E, each of the respective cross- sectional shapes of the leads 92 
is represented by a circle, for easier illustration purposes only. 
[Olll] In the illustrated embodiment, the local- 

illumination device 252 employs the laser diodes 270 as the light 
sources thereof. However, it is possible to employ a local- 
illumination device that employs a light emitting diode as a hght 
source thereof as wiU be described below by reference to Figs. 22 
to 28. 

[0112] Fig. 22 shows an image -taking system 400 including 

a component camera 402 as an image -taking device, and a local- 
illumination device 404. Like the image -taking system 242, the 
image-taking system 400 may be attached to the X-axis sHde 106 
of the head moving device 136, shown in Fig. 3, via a support 
member 406 and a bracket, not shown. 

[0113] As shown in Fig. 23, the support member 406 

includes a flat main body 412 extending along a horizontal plane, 
and a pluraHty of (e.g., four) projector- supporting portions 414 
extending vertically from an outer peripheral portion of the flat 
main body 412, perpendicularly to the same 412. As shown in 
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Figs. 24, 25, and 26, the four projector-supporting portions 414 
are provided by respective flat members that are detachably 
attached, with respective attaching devices, not shown, such as 
bolts, to another flat member providing the flat main body 412, 
such that a first pair of supporting portions 414 and a second 
pair of supporting portions 414 are located, as shown in Fig. 22, 
on opposite sides of the locus of Y-axis-direction movement of the 
component holding head 100 on the X-side slide 106, respectively. 
Each pair of supporting portions 144 are arranged in the Y-axis 
direction, and are inchned relative to the Y-axis direction such 
that respective first end portions of the supporting portions 144 
that are distant from each other in the Y-axis direction are 
nearer to the locus of movement of the holding head 100 than the 
respective second end portions of the same 144. Thus, the four 
supporting portions 144 are so arranged as to define a portion of 
a closed line surrounding the center of the flat main body 412. 
[0114] The local-illumination device 404 employs a 

plurahty of (e.g., four) projectors 418. Since those projectors 418 
have a same construction, one of the projectors 418 will be 
described in detail, below. 

[0115] As shown in Figs. 24 to 28, the projector 418 

includes a casing 420, an array 423 of hght emitting diodes 422 
each as a hght source, two slit members 424, 426, a group 432 of 
lenses including a convex lens 428, and a concave lens 430, and a 
total-reflection mirror 434. The array 423 of hght emitting diodes 
422, the two sUt members 424, 426, the group 432 of lenses, and 
the total-reflection mirror 434 are provided in the casing 420. 
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Each of the two sht members 424, 426 forms the hghts emitted 
by the light emitting diodes 422, into a "sht" or planar Ught. The 
group 432 of lenses diffuses the slit light formed by the second 
slit member 426, without changing the thickness of the slit hght. 
The total-reflection mirror 434 reflects the slit light diffused by 
the group 432 of lenses. The distance between the convex lens 
428 and the concave lens 430 is so prescribed that the light 
incident to the leads 92 results in forming respective well-defined 
images of the leads 92. The two slit members 424, 426 have 
respective slits 438, 439, and form respective sht hghts each 
having a rectangular cross section. The slit hght reflected by the 
total-reflection mirror 434 is outputted through an outlet 436 of 
the casing 420. This sht Ught is a planar hght having a 
prescribed thickness. As indicated at broken line in Figs. 22 and 
23, the projector 418 projects the planar light along a horizontal 
plane. The thickness of the planar hght projected by the projector 
418 is so prescribed as to illuminate a lengthwise limited portion 
of each of the leads 92. The thickness of the planar hght is set at 
a prescribed value by selecting a distance between the convex 
lens 428 and the concave lens 430. 

[0116] As shown in Figs. 24 and 25, a pair of leg portions 

440 are fixed to the casing 420, such that the leg portions 440 
extend in a direction in which the array 423 of light emitting 
diodes, the slit members 424, 426, the group 432 of lenses, and 
the total-reflection mirror 434 are arranged. In a state in which 
the outlet 436 of the casing 420 is located in an upper end portion 
of the casing 420, the projector-supporting portion 414 fits in a 
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space between the two leg portions 440, and supports the casing 
420 via an axis member 442 such that the casing 420 is pivotable 
about the axis member 442. Thus, the supporting portion 414 
supports the casing 420 or the projector 418 such that the 
projector 418 is pivotable about the axis member 442, in the 
vicinity of the outlet 436. That is, the projector 418 is supported 
by the supporting portion 414 such that the projector 418 is 
pivotable about a horizontal axis Hne which is distant from the 
leads 92, is perpendicular to the leads 92, and is parallel to the 
inchned direction which is inclined relative to the Y-axis 
direction and in which the supporting portion 414 extends. 
[0117] Thus, the outlet 436 extends horizontally, and is 

inclined, like the projector-supporting portion 414, relative to the 
Y-axis direction. Accordingly, the respective lights projected by 
the four projectors 418 intersect one another on the locus of 
Y-axis -direction movement of the suction nozzle 184 on the 
X-axis slide 106. 

[0118] As shown in Figs. 24 and 26, the casing 420 is 

biased by a tension coil spring 446 as an elastic or biasing device 
that is provided between the projector-supporting portion 414 
and a lower end portion of the casing 420 that is opposite to the 
outlet 436. The casing 420 is biased by the spring 446 in a 
direction toward the supporting portion 414. The limit of the 
pivotal movement of the casing 420 that is caused by the biasing 
action of the spring 446, is defined by abutting of an adjustor bolt 
448 as an adjusting member that is threadedly engaged with the 
casing 420, against the supporting portion 414. Thus, the limit of 
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pivotal movement of the casing 420 can be adjusted by adjusting 
the amount of threaded engagement of the adjuster bolt 448 with 
the casing 420, and consequently a direction (or an angle relative 
to a horizontal plane) in which the light reflected by the total- 
reflection mirror 434 and projected through the outlet 436 is 
transmitted in a vertical plane, i.e., a position where the light is 
incident to each lead 92 is adjusted. For example, the direction of 
transmission of the light projected by the projector 418 is so 
adjusted that the light is incident to a free end, and a portion 
adjacent to the free end, of each lead 92 of the connector 82 held 
by the component holding head 100. Thus, the coil spring 446 
and the adjuster bolt 448 cooperate with each other to provide an 
adjusting device. 

[0119] As shown in Figs. 25 and 26, the casing 420 is fixed 

to the support member 406, with a bolt 454 as a fixing device. As 
shown in Fig. 26, one of the two leg portions 440 has an elongate 
hole 456 that extends in a direction tangential to an arc whose 
center rides on the axis hne about which the casing 420 is 
pivotable. The one leg portion 440 has the elongate hole 456 in a 
lower portion thereof opposite to the upper portion thereof that is 
pivotally attached to the support member 406 via the axis 
member 442. The bolt 454 is screwed with the projector- 
supporting portion 414 through the elongate hole 456, whereby 
the projector 414 is fixed to the support member 406. 
[0120] As shown in Figs. 22 and 23, the main body 412 of 
the support member 406 has, in a central portion thereof, an 
opening 460 formed in a vertical direction through the thickness 
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thereof. The component camera 402 fits in the opening 460. Like 
the component camera 250, the component camera 402 is 
provided by a CCD camera, and is disposed such that an optical 
axis of the camera 402 is vertical and an image-forming surface 
thereof faces upward. 

[0121] After the component holding head 100 holds the 

connector 82, the holding head 100 is moved toward the printed- 
wiring board 12 and, during this movement, the holding head 
100 is stopped above the image-taking system 400, so that an 
image of the leads 92 of the connector 82 is taken. In the state in 
which the holding head 100 is stopped at the image-taking 
position, the leads 92 are illuminated with the lights transmitted 
from the four projectors 418 in the four directions directed 
toward the leads 92 in the plane perpendicular to the lengthwise 
direction of the leads 92. Respective images formed by the lights 
reflected by the leads 92 are taken by the component camera 402, 
on the side of the respective free ends of the leads 92, in a 
direction parallel to the lengthwise direction of each lead 92. The 
control device 300 processes the thus taken images and 
determines respective positions of the leads 92. 
[0122] The principle of the present invention is also 

applicable to the art of detecting a position of a lead of an 
electronic component in an electronic-component mounting 
system of a type, shown in Fig. 29, which includes a pluraUty of 
component holding heads which are supported by an 
intermittently rotatable table as a rotatable body that is 
rotatable about a vertical axis line and is immovable in a 
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horizontal plane. The component holding heads hold respective 
electronic components. Since a circuit substrate is moved by a 
circuit-substrate moving device in the horizontal plane parallel to 
the substrate, each of the electronic components held by the 
holding heads can be mounted at an arbitrary position on the 
circuit substrate. Thus, this type of electronic-component 
mounting system is called a rotatable-table-type electronic- 
component mounting system or an intermittent-rotation-type 
electronic-component mounting system. In this system, too, leads 
of the electronic component held by each of the component 
holding heads are illuminated with a Hght in a direction 
substantially perpendicular to a lengthwise direction of each lead, 
and respective images of the leads are taken on the side of 
respective free ends of the leads in a direction parallel to the 
lengthwise direction of each lead. Based on the thus taken 
images, respective positions of the leads are detected. Hereinafter, 
there will be described the intermittent-rotation- type electronic- 
component mounting system. 

[0123] In Fig. 29, reference numeral 500 designates a 

printed-wiring-board supporting device as a sort of a circuit- 
substrate supporting device," numeral 502 designates a 
component mounting device,* and numeral 504 designates a 
component supply device. The component mounting device 502 
includes an intermittently rotatable table 506 that is 
intermittently rotatable about a vertical axis Une. The 
intermittently rotatable table 506 supports a pluraUty of 
component holding heads 508, such that the component holding 
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heads 508 are equiangiilarly spaced from each other about the 
vertical axis. The rotatable table 506 is intermittently rotated by 
an intermittently rotating device 510 including an intermittently 
rotating motor, a cam, a cam follower, and an axis member, all 
not shown, so that each of the holding heads 508 is sequentially 
moved to, and positioned at, a plurality of operative stations 
including a component supplying station (i.e., a component 
taking station), two component-posture detecting stations, a 
component-posture correcting station, and a component 
mounting station. At those operative stations, the electronic 
component held by each of the holding heads 508 is subjected to 
respective operations needed for the mounting of the component 
on the board 512. The rotatable table 506 supports the 
component holding heads 508, such that each of the holding 
heads 508 is rotatable about an axis line and is movable relative 
to the table 506 in a direction parallel to the axis line. 
[0124] The component supply device 504 includes two 

component supply tables 520, 522 each of which includes a feeder 
support table 524 and a plurality of component feeders 526 which 
are supported by the feeder support table 524 such that 
respective component supply portions of the feeders 526 are 
arranged along a horizontal straight line parallel to an X-axis 
direction perpendicular to a Y-axis direction. When a ballscrew 
528 as a feed screw is rotated by a support-table moving motor 
530, the feeder support table 524 is moved in the X-axis direction 
by being guided by guide rails 532, so that each of the respective 
component-supply portions of the feeders 526 is selectively moved 
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to a position right below the component supplying station of the 
intermittently rotatable table 506. Thus, the ballscrew 528, the 
support-table moving motor 530, etc. cooperate with one another 
to provide a support-table moving device 534 or a table moving 
device. The component feeders 526 feed various types of 
electronic components, such as lead-insertion-type electronic 
components, fLat-package-type electronic components, or leadless 
electronic components. Fig. 29 does not show component feeders 
526 which are supported by the component supply table 520. The 
manner in which the two component supply tables 520, 522 
cooperate with each other to supply the electronic components is 
well known in the art, and accordingly no further description 
thereof is provided here. 

[0125] The printed-wiring-board supporting device 500 

includes a board support unit 540 and a board-support-unit 
moving device 542 which moves the board support unit 540 to an 
arbitrary position on a horizontal X-Y plane defined by the X and 
Y axes. The board supporting device 500 is provided on a 
machine base 546 on which the component mounting device 502 
and the component supply device 504 are also provided, and the 
board supporting device 500 receives a printed-wiring board 512 
from a carry-in device, not shown. After electronic component are 
mounted on the board 512, the board supporting device 500 
transfers the board 512 to a carry-out device, not shown. Each of 
the carry-in and carry-out devices includes a belt conveyor which 
conveys the board 512 in the X-axis direction. 
[0126] The board-support-unit moving device 542 includes 
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a ballscrew 550 as a feed screw that is provided on the machine 
base 546j* an X-axis-direction drive motor 552 which rotates the 
ballscrew 550,' an X-axis slide 556 which is linearly moved in the 
X-axis direction by being guided by a pair of guide rails 554 when 
the ballscrew 550 is rotated by the drive motor 552; a ballscrew 
558 as a feed screw that is provided on the X-axis slide 556,* a 
Y-axis -direction drive motor 560 which rotates the ballscrew 558; 
and a Y-axis slide 564 which is linearly moved in the Y-axis 
direction by being guided by a pair of guide rails 562 when the 
ballscrew 558 is rotated by the drive motor 560. The board 
support unit 540 is provided on the Y-axis shde 564. The various 
motors, such as the support-table moving motors 530, function as 
drive sources, and are provided by servomotors in the present 
embodiment. 

[0127] An image-taking system 570 is provided at a 

position in the vicinity of one of the two component-posture 
detecting stations, so that the image-taking system 570 takes a 
projected image, or a reflected image, of the electronic component 
held by each of the component holding heads 508. The image- 
taking system 570 includes an illuminating device; a component 
camera as an image taking device that is provide by a CCD 
camera; and a light guiding device. The hght guiding device is 
provided at a position right below a locus of movement of each 
holding head 508, and guides or introduces an image -forming 
light into the CCD camera provided at a position radially 
outward of the locus of movement. 

[0128] Another image-taking system 572 is provided at a 
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position in the vicinity of the other component-posture detecting 
station, so that the image-taking system 572 takes respective 
images of leads of the electronic component held by each of the 
component holding heads 508. The image-taking system 572 may 
have a construction identical with that of the image-taking 
system 242 or the image -taking system 400, and illuminates the 
leads of the electronic component held by each of the component 
holding heads 508, with a light incident thereto in a direction 
perpendicular to a lengthwise direction of each lead, and takes 
respective images of the leads, on the side of respective free ends 
of the leads, in a direction parallel to the lengthwise direction of 
each lead. Although the local-illumination device of the system 
572 is provided in the vicinity of the locus of movement of each 
holding head 508, the component camera (i.e., the CCD camera) 
as a sort of surface-image taking device is fixedly provided at a 
position offset radially outward from the locus of movement of 
each holding head 508, such that the component camera faces 
downward. An image-forming light reflected by the leads is 
guided or introduced by the Hght guiding device of the system 
572 into the component camera. The present electronic- 
component mounting system is controlled by a control device 580 
which is essentially provided by a computer. 

[0129] When electronic components are mounted on the 

printed-wiring board 512, the intermittently rotatable table 506 
is intermittently rotated by the intermittently rotating device 
510, so that first the component holding heads 508 sequentially 
receive, at the component supplying or taking station, respective 
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electronic components from the component feeders 526. When the 
component holding head 508 holding a lead-insertion-type 
electronic component is stopped at the component-posture 
detecting station where the second image-taking system 572 is 
provided, so that images of the leads of the electronic component 
are taken by the component camera and respective positions of 
the leads are detected. Based on the thus detected positions of 
the leads, the control device 580 judges whether the electronic 
component can be mounted on the printed-wiring board 512. If a 
positive judgment is made, the control device 580 corrects or 
modifies reference amounts of movement of the board-support- 
unit moving device 542 to move the board support unit 540, i.e., 
the printed-wiring board 512, and corrects or changes the current 
angular position of the holding head 508, so that the leads of the 
electronic component are inserted in the insertion holes of the 
board 512. A stationary fiducial-mark camera, not shown, takes 
respective images affixed to the printed-wiring board 512, and, 
based on the thus taken images, the control device 580 
determines positional errors of the board 512 and respective 
positional errors of each of the insertion holes. Those positional 
errors of each insertion hole are also corrected by correcting or 
modifying reference amounts of movement of the board-support- 
unit moving device 542 to move the printed-wiring board 512, 
and changing the current angular position of the holding head 
508. 

[0130] The local-illumination device may be one which is 

capable of chaining a thickness of a planar Hght that is produced 
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thereby to illuminate respective limited portions of leads, 
depending upon a desirable width of each of those Hmited 
portions. Alternatively, it is possible to prepare a plurality of 
local-illumination devices that produce respective planar lights 
having different thickness values and select an appropriate one 
of the devices depending upon a desired width of the limited 
portions of the leads. 

[0131] In each of the illustrated embodiments, the 

component holding head 100, 508 is stopped when an image of an 
electronic component is taken. However, the image may be taken 
without stopping the holding head 100, 508. For example, in the 
case where the local-illumination device is one which includes a 
stroboscopic lamp and a high-speed camera, the stroboscopic 
lamp illuminates, with a strong light, only a lengthwise hmited 
portion of a lead of an electronic component passing by, and an 
image of the lead is taken by the high-speed camera. Although 
the electronic component is moving, the image of the lead can be 
taken as if it were still, by employing a very high shutter speed 
or a very short illumination time. 

[0132] In the first embodiment shown in Fig. 2, the 

component holding head 100 holding the electronic component 82 
is moved to an arbitrary position in the plane parallel to the 
surface of the printed-wiring board 512, so as to mount the 
component 82 on the board 512. In this embodiment, stationary 
local-illumination and image -taking devices may be provided at 
an image -taking position on, e.g., the machine base 10, and the 
component holding head 100 may be adapted such that the 
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holding head 100 is moved to the image -taking position where 
images of leads of the electronic component 82 is taken by the 
image -taking device. 

[0133] In the first embodiment shown in Figs. 1 to 20, the 

image taking system 242 for taking the images of the leads 92 of 
the electronic component 82 is provided, on the X-axis slide 106, 
at the position between the tray-type component supply device 22 
and the printed-wiring board 12, and the image taking system 
240 for taking the projected or reflected image of the electronic 
component 82 is provided, on the X-axis slide 106, at the position 
between the feeder- type component supply device 20 and the 
printed-wiring board 12. However, if necessary, for example, if 
the tray-t5^e component supply device 22 supplies electronic 
components whose projected or reflected images need to be taken, 
the two image-taking systems 240, 242 may be provided, on the 
X-axis slide 106, at each of the position between the traytype 
supply device 22 and the board 12 and the position between the 
feeder-type supply device 20 and the board 12. In this case, the 
two image-taking systems 240, 242 are arranged in the Y-axis 
direction. 

[0134] In the embodiment shown in Fig. 29, at least one of 

the two image- taking systems 570, 572 may be modified such 
that the one system does not employ a hght guiding device and 
the component camera of the one system is provided at a position 
right below the locus of movement of each component holding 
head 508, so as to be able to face the each head 508 in a vertically 
upward direction. 
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[0135] The principle of the present invention is also 

applicable to a component mounting device which includes a 
component holding head and a head moving device that moves 
the holding head in one of two directions perpendicular to each 
other in a plane parallel to a component-mounting surface of a 
circuit substrate. In this case, a board support device that 
supports the circuit board is moved in the other of the two 
directions. A component supply device may be one which is 
movable in the other direction, or one which is stationary. 
[0136] The principle of the present invention is further 

applicable to a component mounting device which includes a 
rotatable table that is rotatable by an arbitrary angle in each of 
opposite directions; a plurality of component holding heads that 
are supported by the rotatable table; and a rotating device that 
rotates the rotatable table so that the holding heads hold 
respective electric components and mounts the components on a 
circuit substrate. 

[0137] The principle of the present invention is additionally 

appUcable to a component mounting apparatus which includes a 
movable member,* a rotatable-table-type component mounting 
device (e.g., an intermittent-rotation-type component mounting 
device) that is supported by the movable member and supports a 
plurahty of component holding heads; and a moving device that 
moves the movable member. In this component mounting 
apparatus, each of the holding heads is removed about an axis 
line of the rotatable-table-tj^e component mounting device, while 
being moved relative to a circuit substrate because of the 
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movement of the movable member. Thus, the holding heads 
mounts respective electric components on the circuit substrate. 
[0138] The principle of the present invention is also 

applicable to a component mounting device which includes a 
plurahty of component holding heads that are respectively 
supported by a plurality of rotary members each of which is 
revolveable about a common axis, independent of the other rotary 
members. In this case, a rotary-motion applying device applies a 
rotary motion to each of the rotary members, such that the each 
rotary member is fully revolveable about the common axis line 
while being stopped at least one time during each full revolving 
and keeping a prescribed time duration after its preceding rotary 
member and before its following rotary member. The component 
holding heads are respectively supported by the rotary members 
at respective positions equally distant from the common axis Hne. 
[0139] The present invention is appHcable to the art of 

detecting a position of a lead having any transverse-cross- 
sectional shape other than the square shape; such as a circular 
shape, a rectangular shape, a triangular shape, etc. Usually, each 
of insertion holes of a printed wiring board has a circular 
transverse-cross-sectional shape. However, the present invention 
is applicable to the art of detecting a position of a lead that is 
inserted in a hole having a transverse-cross-sectional shape other 
than the circular shape; such as a square or rectangular shape. 
[0140] The present invention is also applicable to the art of 

detecting a position of a lead of an electric component that is 
connected to a connection portion of a circuit substrate other 
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than the insertion hole,* such as a circuit pattern formed on the 
surface of the circuit substrate. 

[0141] The lead-position detecting method and apparatus 

according to the present invention are capable of detecting a 
position of a lead of an electric component that is not for being 
mounted on a circuit substrate. 

[0142] While the preferred embodiments of the present 

invention have been described in detail, it is to be understood 
that the present invention is not limited to the details of the 
described embodiments but may be embodied with various 
changes and improvements, such as those described in 
SUMMARY OF THE INVENTION, that may occur to a person 
skilled in the art without departing from the spirit and scope of 
the invention defined in the appended claims. 



